T a , and the observed response to T a was independent of population size. We observed decreases of about 55% in cluster volume and 40% in cluster surface area as the T a decreased from 4 °C to -23°C
INTRODUCTION
Although the honey bee (Apis mellifera L) probably originated in the African or Asian tropics (Ruttner, 1988) , present-day descendants (Gates, 1914; Wilson and Milum, 1927; Corkins, 1930; Owens, 1971 , Szabo, 1985 , 1989 . During brood rearing, core temperatures range from 29-36 °C (Owens, 1971; Szabo, 1985) . The cluster periphery remains relatively isothermal at ca 9 °C (Owens, 1971; Southwick, 1988 (Southwick and Mugaas, 1971; Southwick, 1982 Southwick, , 1983 Southwick, , 1985a Southwick, , 1985b Southwick, , 1988 .
Individual bees (Free and SpencerBooth, 1960) and small groups of bees (Cayhill and Lustick, 1976) (Southwick, 1983) . It has been suggested that temperature-mediated alterations of cluster dimensions may maximize conservation of heat produced by bees within the cluster (Corkins, 1932; Simpson, 1961; Heinrich, 1981; Severson and Erickson, 1985) . However, it has also been suggested that no precise relationship exists between cluster expansion and contraction with the T a , and that the limits of cluster contraction are reached at about 0-5 °C (Seeley and Heinrich, 1981; Southwick, 1988 ). However, this hypothesis is, based on cursory observations of cluster activity (Gates, 1914; Owens, 1971; Szabo, 1985 Spencer-Booth, 1958; Southwick, 1985b Southwick, , 1987 periods (Southwick, 1987 
